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(54) Hydrogenated block copolymers having a partially branched structure 



(57) Composition of vinylarene/hydrogenated diene 
block copolymers, the latter being selected from ethyl- 
ene-butene and ethylene-propylene, characterized in 
that it comprises: 

a) copolymers having linear structures from 30% to 
60% by weight, preferably from 35% to 50%; 

b) copolymers having branched structures from 



70% to 40% by weight, preferably from 65% to 
50%; 

the sum of components (a) and (b) being equal to 100; 
the weight average molecular weight of the above com- 
position ranging from 30,000 to 400,000, preferably 
from 50,000 to 200,000. 
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Description 

[0001] The present invention relates to a composition of hydrogenated block copolymers having an optimum balance 

S^^^JS^ ethylenes and ethylene-propylene, characterized in that * compr.es: 

, Q , fmm w to 60% hv weioht preferably from 35% to 50%. of copolymers having linear structures; 
. ") ™ I St £ 3R preferab/y from 65% to 50%, cf copolymers having branched structures; 

the present invention. 

[0009] In the preferred embodiment the vinylarene is *yrene. 
30 [0010] ThetermT.nearstru<^res"referstostructuresofthetype(A-B) a a^ ». 
i irthor „ flnri indicates the number of blocks and is an integer ranging from 1 to 3. 
S?1 ] Tnel lem, S^e?^otures- refers to structures selected from those having genera. formu.a (!) 



35 



A-( b ) T 

! (I) 

(IX 



40 



wherein: 



3) x is the number of monomeric units which form the ethylene*utene or ethylene-propylene block. 

4) Bis the hydrogenated polydiene block-(b) x -; t^n^k- 
5 n is the number of branches of the copolymer and is an .nteger ranging from 1 to 5. 
6) B-A is the block copolymer grafted onto the hydrogenated polydiene fraction -(-b-) x -, 

so or from those having general formula (II) : 
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wherein: 

7) A, B and b have the meaning defined above; 

8) X! and x 2 are the number of hydrogenated diene monomeric units which form the two ethylene/butene or ethyl- 
enefaropylene blocks; 

9) T is the statistic terpolymer consisting of vinylarene/ethylene-butene or vinylarene/ethylene-propylene, the con- 
tent of T being from 0 to 30% by weight of the compound having general formula (II); 

10) -B r T-A-B 2 is the block copolymer grafted onto-(-b-) x1 -T-A-(-b-)x2-; 

1 1 ) ( m + n + p ) is the number of branches of the copolymer -B 1 -T-A-B 2 grafted and ranges from 1 to 5. 

[0012] The composition of the present invention can be obtained by means of a particular process which comprises 
the use of a hydrocarbon monobromo-derivative, particularly a monobromo alkyl derivative, with the formation of a "par- 
ent" polymer subsequently subjected to selective hydrogenation. 

[001 3] The composition of the present invention has an excellent balance of rheological properties and technological 
properties. 

[001 4] The present invention also relates to a process for the preparation of the polymeric composition defined above 
which comprises the following steps: 

a) reaction of a vinylarene, as such or mixed with a conjugated diene, with an organo-derivative of Lithium having 
the general formula R-Li wherein R is a monofunctional hydrocarbon radical selected from aliphatic and 
cycloaliphatic radicals with from 2 to 20 carbon atoms; 

b) reaction of the mixture coming from step (a) with a conjugated diene; 

c) reaction of the mixture coming from step (b) with a bromo<lerivative having the general formula R'-Br in an 
essentially stoichiometric quantity with respect to the Lithium, wherein R* is a -C 10 monofunctional hydrocarbon 
radical selected from alkyl, cycloalkyl and aryl radicals, R' is preferably a (VC3 alkyl radical, even more preferably 
R' is ethyl; thus obtaining a composition of non-hydrogenated block copolymers; 

d) hydrogenation of the polydiene section of the composition of non-hydrogenated block copolymers obtained in 
step (c) to give the composition of hydrogenated block copolymers of the present invention. 

[0015] In the process described above, the bromo-derivative having general formula R ? -Br acts as both branching 
agent and quenching agent and consequently an additional quenching step with reagents such as water and alcohols 
is not required. 

[001 6] Step (a) of the process consists in reacting the vinylarene (optionally mixed with the diene), preferably styrene, 
and the organo-alkyl derivative of lithium in an inert solvent with the formation of a living polymer having a simplified A- 
U structure. Other vinyl arenes which can be used for the formation of the non-elastomeric thermoplastic block A, are 
alpha methyl styrene, terbutylstyrene and other styrenes alkylated in the ring and relative mixtures. 
[0017] The inert solvent which can be used in step (a) can be an aromatic or naphthene hydrocarbon, for example 
benzene or cyclohexane, optionally modified by the presence of alkanes and alkenes, for example pentenes or pen- 
tanes. Examples of suitable solvents are toluene, benzene, xylene, cyclohexane, optionally mixed with n-pentane, n- 
hexane, iso-octane. 

[0018] Examples of the organo<lerivative of Lithium having formula R-Li are ethyl Lithium, n-propyl Lithium, iso-propyl 
Lithium, n-butyl Lithium, sec-butyl Lithium, ter-butyl Lithium, ter-octyl Lithium, decyl Lithium. The organo-derivative of 
Lithium is preferably selected from n-butyl Lithium and sec-butyl Lithium. The concentration of the Lithium alkyl initiator 
can be modified to control the molecular weight. The concentration of the above initiator generally ranges from 0.25 to 
50 mmoles per 1 00 grams of monomer, even if there are no limits for using higher quantities. 
[001 9] The temperature during step (a) of the process of the present invention generally ranges from 1 0°C to 80°C, 
preferably from 30°C to 60°C, sufficient however to keep the monomers in liquid phase. 

[0020] As soon as the whole vinylarene monomer, optionally mixed with the diene, has almost disappeared (and the 
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resulting polymer may have a block structure of ^^^^bSSiin agerrt R'-Br at a temperature ranging 

^^^^^^^^^^^^ 

selectively hydrogenated. ft processes known in the art for the 

«*, with tha atestomedc block of the hydrojanatad conjuoal^ *■» 50 » 1 50 

mubttoo of the praaart iwantion .aagas ton SO "J^^^SS L*tanoas; among thaaa 
p^Thaadhasi.a.o-nu.aK ™«£^^™^^TJ£>J^*^»*^ 

gS? '"ZSLng examples provide a better understanding of the present invention. 
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the polybutadiene section equal to 60%. 

[0035] 4800 grams of the polymeric solution thus obtained are then transferred in an inert atmosphere (argon) to a 
16 litre reactor and 0.310 g of bis cyctopentadienyltitanium di-chloride and 0.904 g of dibutyl-magnesium suitably 
premixed in cyclohexane, are then added. The polymeric solution is then brought into an H 2 atmosphere (24 bars) and 
maintained at a temperature of 100°C for 60 minutes. 

[0036] The polymeric solution is subsequently discharged and antioxidant (Irganox® 1010, 0.1 phr with respect to the 
dry product) is added. The solvent is removed by distillation in a vapour stream and the polymer is dried on a fluid bed. 
[0037] The polymer thus obtained has an average molecular weight (Mw) of 80,000 and consists of: 

(a) a linear fraction (60%) having a molecular weight of 40,000; 

(b) a branched fraction (40% by weight) having a molecular weight of 80,000 to 360,000. 

[0038] The content of polystyrene with respect to the polymer, measured by means of Fourier transform infra-red 
spectrometry (FTIR), proved to be 20%. The hydrogenation degree of the polybutadiene section, measured by iodomet- 
ric titration, is >97%, whereas the polystyrene section has a hydrogenation degree of <1%. 

- Characterization of the polymer. 

[0039] The polymer thus obtained is separated into two fractions by means of the dissolution and subsequent precip- 
itation technique. A sample of the polymer is dissolved in tetrahydrofuran (concentration of 0.5% by weight) at 23°C. 
Over a period of 12 hours the subsequent precipitation of two aliquots of solid (polymer) takes place by the addition of 
a weight quantity of ethyl alcohol equal to that of the tetrahydrofuran. 

[0040] The two polymeric fractions were analyzed by means of gel permeation chromatography using a MALLS. 
(Multi Angle Laser Light Scattering) detector. This technique allows the absolute molecular weight of the polymers to 
be determined and the branching degree of the various molecular species of which it is formed, to be accurately eval- 
uated. This is made possible by the determination of the average square radius of the polymeric species dissolved in 
the solvent (the same used as in the gel permeation) obtained by light scattering. 

[0041 ] In the case in question the product is separated into two fractions: the first, corresponding to the product which 
precipitated after about 10 hours (lower molecular weight), has a weight average Molecular Weight Mw of 80,000, a 
Mw/Mn ratio of about 1 (typical value in living anionic polymerization) and an a value i.e. of the angular coefficient of 
the average square radius line against molecular weight [ ( r ) 2 = f(Mw) ], of about 0.6. a typical value of completely lin- 
ear molecules (see G.P.C., figure 1). The second fraction corresponding to the solid precipitated after 4 hours (fraction 
with a higher molecular weight) has an Mw of 310.000 and consists of various molecular species (see G.P.C.. figure 2) 
as it has an Mw/Mn of about 2.0. This second fraction also has an average a of 0.393, a value which indicates the pres- 
ence of several molecular species with different branching degrees. 

[0042] » To obtain more accurate information on the molecular weight of the various species contained in fraction Nr. 2 
and on their branching degree, and taking into account the mechanism assumed in Journal of Polymer Science, Part 
A, Polymer Chemistry Vol. 35, pages 17-25, linear molecules are synthesized, having multiple molecular weights with 
respect to those of the first fraction (80.000). In particular polymers were prepared having a molecular weight of 
160,000, 240,000, 320,000, 400,000, 480.000. 

[0043] The ratio between the average square radius of the various species present in fraction Nr. 2 and the average 
square radius of the equivalent linear model molecules (analysis effected by means of M.A.LLS.) enabled the pres- 
ence of various molecular species having branching degrees ranging from 1 to 5 and molecular weights ranging from 
1 60,000 to 480,000, to be identified. 

- Formulation of the polymer. 

[0044] The polymer thus obtained is used for the preparation of an adhesive formulation with the hot-melt technology. 
[0045] The following formulation is prepared: 
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Polymer of example 1 


100 parts by weight; 


5 


Escorex 5380 resin 


150 parts by weight; 




Prisnol Oil 


40 parts by weight; 




Antioxidants: 




Irganox® 565 


0.05 parts by weight; 


10 


lrganox®1010 


0.1 parts by weight. 



[0046] The 



15 



adhesive properties of this formulation are indicated in Table 1 . 

TABLE 1 



20 



25 



Properties 




Brookfield Viscosity at 140°C (cps)-ASTM D3236 


85,000 


Brookfield Viscosity at 1 60°C (cps)-ASTM D3236 


40,000 


Brookfield Viscosity at 180°C (cps)-ASTM D3236 


8,000 


Brookfield Viscosity at 180-C after 4 days (cps)-ASTM D323b 


8.000 


Polyten tack (g) - ASTM D2979/71 


170 


Peel adhesion on polyethylene (g/2.5 cm)-PSTC 1 


1,600 


Holding power (hours) - PSTC 7 


75 
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58 z^J^^^^^-^^^ 

is expressed in grams. mnrtsse& the cohesive capacity measured on steel and is expressed in 

[0049] The Holding Power measurement expresses trie conesive cap- i 

hours. 

FXAMPLE 2 

ular weight (Mw) of 90.000 and consists of: 

(a) a linear fraction (50%) having a molecular weight of 50,0OQ, 

(b) a branched fraction (50%) having a molecular wetght of 100.000 to 600,oou. 

,0055, Thi-^-P^*^^^ — ^ - ^^^ iP- ' 
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trometry (FTIR), proved to be 20%. The hydrogenation degree of the polybutadiene section, measured by iodometric 
titration, is >97%, whereas the polystyrene section has a hydrogenation degree of <1%. 

[0056] 96 parts of a sample of SINVET® 250 polycarbonate and 4 parts of the copolymer sample of example 2, 
whose preparation is described above, were fed into an ICMA-MC 33 twin-screw extruder (275°C and 100 rpm of screw 
revs). 

[0057] The mixture was injection moulded at 290°C and 170 bars of pressure. The technological properties were 
measured on the test-samples thus obtained and are indicated in table 2. 



TABLE 2 



Properties 


Polycarbonate 


Polycarbonate + copoly- 
mer ex. 2 


MFI (g/10min) 


8.5 


9.6 


Elastic modulus (MPa) 


2.380 


2.160 


Gloss (20°C) 


70 


65 


Izod (23°C) J/m 


800 


750 


Izod (-40°C) J/m 


130 


660 



MFI: ASTM D1238 
Elastic modulus: ASTM D 1708 
Gloss: ASTM D528-85 
Izod: ASTM D256 



[0058] From the data of table 2 there is an evident improvement in Izod at -40°C. a characteristic which is lacking in 
the polycarbonate as such. 

EXAMPLE 3 

[0059] 8400 grams of cyclohexane, 400 grams of butadiene and 400 grams of styrene are charged into a 25 litre auto- 
clave. The system is thermostat-regulated at 50°C and 18 ml of a 1 .5 M solution of sec-butyl-lithium in n-hexane are 
then added. 

[0060] After 30 minutes, 5.7 ml of a 1 M solution of tetrahydrofuranpropane and 400 grams of butadiene are added to 
the polymeric solution thus obtained and the mixture is left to react for 15 minutes. 12.5 ml of a 1M solution of bro- 
moethane in cyclohexane are then added, at a temperature of 95°C, and the mixture is left to react for 1 5 minutes. The 
linear fraction of the polymer thus obtained has a BjTj A2B2 structure, wherein B is 1 5% by weight, T is 30% by weight, 
A is 22% by weight, B is 33%. The branched fraction has a structure as in general formula (II). 
[0061 ] The polymer thus obtained has a 1 ,2 chain percentage in the polybutadiene-1 section equal to 1 5% and 45% 
in the polybutadiene-2 section. In addition the percentage of alternating butadiene-styrene, i.e. the T segment in gen- 
eral formula (I), is equal to 20% by weight of the monomer. 

[0062] 4800 grams of the polymeric solution thus obtained are then transferred to a 16 litre reactor in an inert atmos- 
phere (argon). 0.310 g of bis cyclopentadienyltitanium di-chloride and 0.904 g of dibutyl-magnesium suitably premixed 
in cyclohexane are then added; the polymeric solution is then brought into an H 2 atmosphere (24 bars) and maintained 
at a temperature of 1 00°C for 60 minutes. 

[0063] The polymeric solution is then discharged and the antioxidant (Irganox® 1010, 0.1 phr with respect to the dry 
product) is added. The solvent is removed by distillation in a vapour stream and the polymer is dried in a fluid bed. 
[0064] The polymer thus obtained, having the same structure as example 1 , has ah average molecular weight (Mw) 
of 1 09,000 and consists of: 

(a) a linear fraction (49%) having a molecular weight of 45,000; 

(c) a branched fraction (51%) having a molecular weight of 90,000 to 500,000. 

[0065] 80 parts of High Impact polystyrene (HIPS, Edistir® SR 600) and 20 parts of low density polyethylene (LDPE, 
RiWene® FC 40) are fed into a Bandera-type single-screw extruder, at a temperature of 210°C and 100 rpm. The Wend 
was injection moulded at 210°C and the characteristics are indicated in table 3. 

[0066] Using the same extruder and under the same conditions as above, a second composition is prepared using 
70 parts of HIPS, 20 parts of LDPE and 10 parts of the copolymer of example 3 prepared as described above. The 
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bier* was injection mou.ed at 210'C «* the 

effected according to ASTM D 1238. the ^'^^^^l^^f^e tzod measurement according to 
ASTM D 638. the f lexural modulus measurement according to ASTM D 79U ana me 



ASTM D256. 



TABLE 3 



10 



15 





HIPS + LDPE 


HIPS + LDPE + Copoly- 
mer 


MFI (g/10min) 


4.7 


4.6 


Ult Tens. Strength (MPa) 


20 


21.4 


Elongation to break (%) 


40 


42 


Flexural modulus MPa 


1.160 


1.130 


lzodat23°C(J/m) | 50 


120 



25 



30 



10067] T.e data o, tth 3 <««M the ^ - « - ■* «- ««P*« - —*•*•- 
20 present invention. 

Claims 

and ethylene-propylene, characterized in that it comprises: 

(a) from 30% to 60% by weight of copolymers having Hnearsfructorw. 

(b) from 70% to 40% by weight of copolymers having branched structures. 

theS umofcomponer*(a^^^^ 
sition ranging from 30.000 to 400.000. 

are from 65 to 50%. 

3. jhe cotton a^^ .0 d*. 1. *— d * «* «*■ — - **» "™* *" 
50,000 to 200,000. 

4. T^eon^aco^ 

5. The composition according to claim 4. characterized in that the vinylarene content ranges from 5% to 40%. 

6. The polymeric composition according to Cairn 1 . characterized in that the vinyiarene is styrene. 
45 7. The polymeric composition according to claim 1. characterized in that: 

the .inear fraction has structures selected from (A-B) a and (B-TA-B) a wherein "a" indicates the number of 

ZrSanS^c^ 
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wherein: 

1) A is the polyvinylarene block; 

2) b is the monomeric unit of hydrogenated diene, selected from ethylene-butene and ethylene-propylene; 

3) x is the number of monomeric units which form the ethylene-butene or ethylene-propylene block; 

4) B is the hydrogenated polydiene block -(b) x -; 

5) n is the number of branches of the copolymer and is an integer ranging from 1 to 5; 

6) B-A is the block copolymer grafted onto the hydrogenated polydiene fraction -(-b-) x -; 
or from those having general formula (II): 




(II) 



wherein: 

7) A, B and b have the meaning defined above; 

8) x t and x 2 are the number of hydrogenated diene monomeric units which form the two ethylene/butene 
or ethylene/propylene blocks; 

9) T is the statistic terpolymer consisting of vinylarene/ethylene-butene or vinylarene/ethyiene-propylene, 
the content of T being from 0 to 30% by weight of the compound having general formula (II); 

1 0) -B 1 -T-A-B 2 is the block copolymer grafted onto -(-b-) x1 -T-A-f-b-)^-; 

11) (m+n+p j is the number of branches of the copoly mer -B r T-A-B2 grafted and ranges from 1 to 5. 

8. A process for the preparation of the polymeric composition according to claim 1 , which comprises the following 
steps: 

a) reaction of a vinylarene, as such or mixed with a conjugated diene, with an organo-derivative of Lithium hav- 
ing the general formula R-U wherein R is a monofunctional hydrocarbon radical selected from aliphatic and 
cycloaliphatic radicals with from 2 to 20 carbon atoms; 

b) reaction of the mixture coming from step (a) with a conjugated diene; 

c) reaction of the mixture coming from step (b) with a bromo-derivative having the general formula R'-Br in an 
essentially stoichiometric quantity with respect to the Lithium, wherein R' is a 0 monofunctional hydrocar- 
bon radical selected from alkyl, cycloalkyl and aryl radicals; thus obtaining a composition of non-hydrogenated 
block copolymers; 

d) hydrogenation of the polydiene section of the composition of non-hydrogenated block copolymers obtained 
in step (c) to give the composition of hydrogenated block copolymers according to claim 1 . 

9. The process according to claim 8, characterized in that the vinylarene is styrene and the conjugated diene is 
selected from isoprene and butadiene, and is preferably butadiene. 

10. The process according to claim 8, characterized in that R' is a CyC^ alkyl radical, and is even more preferably ethyl. 

11. A formulation of adhesives and seals characterized in that it comprises the polymeric composition according to 
claim 1 . 

12. A polymeric composition comprising engineering polymers, selected from polyesters, polyamides and polycar- 
bonates, preferably polycarbonate, and the mixture of block copolymers according to claim 1 . 

13. A polymeric composition comprising polyethylene, polystyrene and the mixture of block copolymers according to 
claim 1. 
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